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Somatic embryogenesis has been reported from numerous 
Vitis genotypes (for Iiterature see STAMP and MEREDITH 1988; 
MARTI NELLI et al. 1993; RoßACKER 1993). However, regeneration 
of plants from these cultures usually occurs at a Jow Ievel. We 
developed a relatively rapid method using Vitis riparia cv. Gloire 
de Montpellier to produce plants from anthers via somatic 
embryogenesis , in less than five months from initiation of cul-
tures. A regeneration rate of up to 60% was obtained when a 
short-time liquid culture was included between culturing phases 
on a solid medium. 
Materials and methods: Dormant cuttings of 
V. riparia cv. Gloire de Montpellier were collected in No-
vember 1992 and stored at 4 oc for 3 months. After stor-
age, two-node cuttings 15-20 cm long were rooted in soil 
in the greenhouse. Flower buds were continuously avail-
able from 25 to 56 d after planting. Buds were harvested 
shortly prior to anthesis . They were smface sterilized in 
1 % NaOCI for 15 min and rinsed in sterile distilled water. 
Embryogenie calli initiation: 
Translucent yellow anthers , which were used for initiation 
of embryogerne calli, were dissected aseptically from the 
flower buds and placed on asolidmedium which consisted 
ofMS medium (MuRASHIGE and SKOOG 1962) supplemented 
with 1.1 mg t·1 2,4-D and 0.2 mg )·1 BA (amended with 
0.8 % Noble-Agar (Difco)). The pH was adjusted to 
6.4 with I M KOH. A FeNa-EDTA stock solution (746 mg 
Na-EDTA and 0.556 mg FeS04 7Hp in 100 ml distilled 
water) was sterilized separately and was added to the steri-
lized medium (5 ml t·1) immediately before use. This pro-
cedure prevented the Formation of toxic substances result-
ing from breakdown of carbohydrates during autoclaving 
because of catalyzation by FeNa-EDTA (ScHENK er al. 
1991 ). 108 anthers were placed on Petri dishes (9 cm di-
ameter) and incubated at 28 oc in the dark. 
E m b r y o g e n i c i n d u c t i o n : After 30 d, those 
anthers whjch formed calli, were transferred to fresh plates 
of the same medium and incubated as before. After an-
other 30 d, calli that appeared to be viable, were trans-
ferred to an induction medium (half strength MS salts plus 
vitarnins and containing 10 g ]·1 sucrose and 0.6 % Noble-
Agar) and incubated under the same conditions as before. 
Embryo g er m in a t i o n : Globular and heart-
stage embryos from solid medium were placed in a 25 ml 
liquid MS medium in 100 ml Erlenmeyer flasks and incu-
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bated in an orbital shaker at 27 oc in the dark. After 3 
weeks of subculturing weekly in a fresh liquid medium. 
Parallel with this experiment embryos were gerrninated 
on solid MS medium at same temperature in dark. Em-
bryos with cotyledons and primary roots were placed indi-
vidually in test tube, on a solid half strength MS medium 
and incubated in a culture room at 25-27 °C in continuous 
light, provided by cool-whüe fluorescent tubes (Tungsram 
F25/36W). 
P I a n t r e g e n e r a t i o n : Plantlets with suffi-
ciently developed roots were placed in the greenhause in 
culture tubes with caps for 1 d and for 2 d without cap to 
adapt to natural light. They were then planted to soil in 
9-cm-diameter pots and covered with a plastic cover for 
3 d. Other plantlets with poorly developed roots were trans-
ferred to the following rooting medium: half strength MS 
salts and vitamins supplemented with 0.1 mg 1·1 NAA and 
gelled with 0.8 % agar. After 4 weeks, they were planted 
to soil as described above. 
Results: After the first 30 d period 34 anthers out of 
108 formed calli . Half of them stayed viable for further 
30 d. These were transferred to an induction medium . 2-3 
weeks after thjs last subculture, primary embryos and sec-
ondary embryos appeared in !arge numbers on the smfaces 
of 6 calli. 
Embryos developed asynchronously. Globular, heart-
and torpedo-shaped embryos were present at the same time 
as embryos with cotyledons and primary roots. In early 
developmental stages they were transferred to a fresh in-
duction medium, where secondary embryos were formed. 
After additional subculturing, the formation of secondary 
embryos declined . The embryos were inclined to 
embryomorphogenesis rather than to formation of second-
ary embryos. After 2-3 subcultures , they completely lost 
their ability to produce new secondary embryos. When em-
bryos germinated on solid medium were exposed to light, 
most of them were unable to regenerate into plants be-
cause they failed to produce meristems. They formed ab-
normal cotyledons, which often were fused (Figure, a) or 
a 
Figure: a) Abnormally developed embryo; b) normally devel-
oped plantlet from embryo germinated in liquid medium. 
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J .  M o z s A R  a n d  S .  S ü L E  
s h o w e d  o t h e r  a b n o r m a l  d e v e l o p m e n t s .  M o r p h o l o g i c a l  c l a s -
s i f i c a t i o n  o f  t h i s  a b n o r m a l i t i e s  w a s  d e s c r i b e d  p r e v i o u s l y  
( G O E B E L - T a u R A N D  e t  a l .  1 9 9 3 ) .  D i s o r g a n i z e d  c e l l  p r o l i f -
e r a t i o n  o n  t h e i r  s u r f a c e  o f  c o t y l e d o n s  w a s  a l s o  o b s e r v e d .  
W h e n  s o l i d  c u l t u r e  w a s  i n t e i T u p t e d  b y  a  3 - 4  w e e k s  l i q u i d  
c u l t u r e ,  n o r m a l  s h o o t  a n d  r o o t  d e v e l o p m e n t  o c c u r r e d  ( F i g -
u r e ,  b )  a n d  h i g h  p e r c e n t a g e  o f  e m b r y o s  r e g e n e r a t e d  
p l a n t l e t s  ( T a b l e ) .  T h e s e  e m b r y o s  c o n t r a r y  t o  g e r m i n a t e d  
o n  s o l i d  m e d i u m  h a d  t w o  w e i l  d e v e l o p e d  c o t y l e d o n s  a n d  
m e r i s t e m .  
O f  t h e  p l a n t e d  p l a n t l e t s  8 0  %  d e v e l o p e d  n o r m a l  p l a n t s  
w i t h  w e l l - o r g a n i z e d  s h o o t s  a n d  r o o t  s y s t e m s .  T h e y  d i d  n o t  
d i f f e r  f r o m  c o n v e n t i o n a l l y  p r o p a g a t e d  p l a n t s .  
T a b  I  e  
P l a n t  r e g e n e r a t i o n  i n  d i f f e r e n t  g e r m i n a t i o n  s y s t e m s  
G e r m i n a t i o n  
T o t a l  n u m b e r  e m b r y o s  d e v e l o p e d  
S y s t e m  
o f  e m b r y o s  t o  n o r m a l  p l a n t l e t s  
s o l i d  m e d i u m  4 5  4  
l i q u i d  m e d i u m  
5 2  3 2  
D i s c u s s i o n :  U n d e r  c o n v e n t i o n a l  t i s s u e  c u l t u r e  c o n d i -
t i o n s ,  i n  m a n y  i n s t a n c e s ,  d e v e l o p m e n t  o f  g r a p e v i n e  e m -
b r y o s  w a s  s t o p p e d  i n  t h e  h e a r t - s t a g e ,  a n d  p l a n t l e t s  w e r e  
n o t  f o r m e d .  D a i l y  s u b c u l t u r i n g  o f  e m b r y o s  i n  a  f r e s h  m e -
d i u m  w a s  u s e d  s u c c e s s f u l l y  t o  o b t a i n  f u l l  e m b r y o  d e v e l -
o p m e n t  ( C o u T O s - T H E V E N O T  e t  a l .  1 9 9 2 )  b u t  i t  w a s  v e r y  t i m e  
c o n s u m i n g  p r o c e d u r e .  T h e  r e m o v a l  o f  c o t y l e d o n s  o f  
C a b e r n e t  S a u v i g n o n  e m b r y o s  ( M A U R O  e t  a l .  1 9 8 6 )  i n c r e a s e d  
t h e  r e g e n e r a t i o n  r a t e ,  b u t  t h i s  p r o c e d u r e  w a s  n o t  e a s i l y  
a p p l i c a b l e  f o r  a  ! a r g e  m 1 m b e r  o f  e m b r y o s .  D e h y d r a t i o n  o f  
m a t u r e ,  w e i l  d e v e l o p e d  g r a p e  e m b r y o s  a l s o  i n c r e a s e d  p l a n t  
r e g e n e r a t i o n  u p  t o  3 4 %  ( G R A Y  1 9 8 9 ) .  W i t h  o u r  t e c h n i q u e ,  
u s i n g  V .  r i p a r i a  c v .  G l o i r e  d e  M o n t p e l l i e r ,  m o r e  t h a n  6 0  %  
o f  t h e  e m b r y o s  p r o d u c e d  n o r m a l  p l a n t l e t s  w h e n  a  3 - 4  w e e k s  
l i q u i d  c u l t u r e  w a s  i n c l u d e d  b e t w e e n  c u l t u r i n g  p h a s e s  o n  
s o l i d  m e d i u m .  L e s s  t h a n  1 0  %  r e g e n e r a t i o n  w a s  o b t a i n e d  
w h e n  e m b r y o s  w e r e  c o n t i n u o u s l y  c u l t u r e d  o n  a  s o l i d  m e -
d i u m .  T h e  r o l e  o f  s u b c u l t u r e  i n  l i q u i d  m e d i u m  f o r  i m p r o v -
i n g  r e g e n e r a t i o n  w a s  n o t  c l e a r l y  e v i d e n t ,  b u t  t h e  l i q u i d  
c u l t u r e  a p p a r e n t l y  s t i m u l a t e d  t h e  e m b r y o s  t h a t  h a d  p a s s e d  
t h r o u g h  h e a r t - a n d  t o r p e d o - s t a g e s  t o  r e g e n e r a t e  n o r m a l  
p l a n t s  a t  a  s i g n i f i c a n t l y  h i g h e r  f r e q u e n c y .  P r e s u m a b l y  i n -
h i b i t o r  c o m p o u n d s ,  e x t r a c e l l u l a r  m a c r o m o l e c u l e s  ( C o u T O s -
T H E V E N O T  e t  a / .  1 9 9 2 )  a n d / o r  f r e e  p o l y a m i n e  ( F A U R E  e t  a / .  
1 9 9 1 ) ,  t h a t  a c c u m u l a t e d  s l o w l y  i n  t h e  s o l i d  m e d i u m ,  
b l o c k e d  r e g e n e r a t i o n  o f  n o r m a l  p l a n t l e t s .  I n  l i q u i d  c u l t u r e ,  
h o w e v e r  t h o s e  i n h i b i t o r s  p o s s i b l y  w e r e  d i f f u s e d  a n d  e l i m i -
n a t e d  b y  w e e k l y  r e p l a c e m e n t  o f  t h e  m e d i u m .  T h e  f a c t  t h a t  
t h e  n e w  e m b r y o  f o r m a t i o n  w a s  s l o w e d  a n d  a n e s t e d  a f t e r  
2 - 3  g e n e r a t i o n s  i n d i c a t e d  t h a t  l a n g  t e r m  e m b r y o g e n i c  c u l -
t u r e s  s h o u l d  b e  m a i n t a i n e d  i n  l i q u i d  c u l t u r e .  
T h e  a d v a n t a g e s  o f  o u r  m e t h o d  o v e r  t h e  e x i s t i n g  o n e s  
a r e :  (  1 )  r a p i d i t y :  i n  5 - 6  m o n t h s  p l a n t s  c a n  b e  p l a n t e d  i n  
s o i l ;  ( 2 )  s i m p l i c i t y :  n o  d a i l y  c h a n g e s  o f  t h e  m e d i u m  o r  
r e m o v a l  o f  c o t y l e d o n s  a r e  n e c e s s a r y ;  ( 3 )  h i g h  r a t e  o f  p l a n t  
r e g e n e r a t i o n .  
A l t h o u g h  p l a n t  r e g e n e r a t i o n  v i a  o r g a n o g e n e s i s  f r o m  
l e a v e s  w a s  r e p o r t e d  f r o m  V .  b e r l a n d i e r i  x  V .  r i p a r i a  h y -
b r i d s  ( C L o G  e t  a / .  1 9 9 0 ) ,  t o  o u r  k n o w l e d g e ,  o u r  p a p e r  i s  
t h e  f i r s t  r e p o r t  o f  s o m a t i c  e m b r y o g e n e s i s a n d i n  v i t r o  p l a n t  
r e g e n e r a t i o n  f r o m  V .  r i p a r i a .  T h i s  m e t h o d ,  m o d i f i e d  t a -
w a r d  m o r e  e f f i c i e n t  s e c o n d a r y  e m b r y o g e n e s i s ,  m a y  o p e n  
t h e  w a y  t o  p r o p a g a t e  g r a p e v i n e  r o o t s t o c k s  i n  v i t r o  i n  ! a r g e  
q u a n t i t i e s .  F u r t h e r  s t u d i e s  a r e  n e e d e d  t o  o b t a i n  s o m a t i c  
e m b r y o s  f r o m  o t h e r  c u l t i v a r s  w i t h  t h i s  m e t h o d .  O f  f u r t h e r  
i n t e r e s t ,  w e  w e r e  a b l e  t o  o b t a i n  s o m a t i c  e m b r y o s  o f  a  s p e -
c i e s  t h a t  d o e s  n o t  h a v e  n a t u r a l l y  z y g o t i c  e m b r y o s  ( G A L E T  
1 9 8 8 ) .  
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